Abstract. Lake Timsah, Egypt receives several kinds of pollutants coming from domestic sewage of unconnected areas adjoining the shore and possibly marine pollution. During the last decades heavy metals have become common contaminants of aquatic and wetland environments throughout the world because of human activity and technological development. Increasing attention has been given during the last decade to the protection of marine and freshwater aquatic environment against pollution, both nationally and internationally. Macro-benthoses are the most commonly organisms used as bio-indicators water quality assessment. All of the aquatic macro-invertebrates that were collected from El-Taween station, Lake Timsah, Egypt fell into three major groups that were fairly easy to identify. They were annelids (Polychaeta and Oligochaeta), molluscs (Bivalvia and Gastropoda) and arthropods (Crustacea). The small sized crustacean Sphaeroma. serratum are considered suitable species for aquatic bio-monitoring because they hold an important position in the aquatic food chain responds to many pollutants, easy to culture and has short life cycles. Iron was most important determinant; it appears in high concentrations in both water sample and the tissue of crustacean sample (S. serratum).
Introduction
During the past decades, Suez Canal region has become a matter of growing international concern. The semienclosed nature of this water body, the characteristics of its current system and the increasing population density along its coastline are source of water pollution. One of the threats to the Suez Canal (and its Lakes) ecosystem is metal pollution (Ibrahim, Abu El-Regal, 2014) .
Lake Timsah has drawn an increasing attention during recent years. It plays an important role in most of the activities in Ismailia City, represents an important economical resource and considered as the backbone of the tourism industry that attracts a large number of holiday visitors (Kaiser et al., 2009) . It has been subjected to significant environmental changes caused by various anthropogenic activities; it receives several kinds of pollutants coming from fresh water inputs, the raw sewage from the city network, industrial pollution from shoreline workshops (ship construction and maintenance), domestic sewage from unconnected areas adjoining the shore, agricultural drainage water and possibly marine pollution (El-Moselhy, Yassien, 2005) .
The first step in monitoring water quality is to measure physico-chemical parameters. However, attention and alarm thresholds of these parameters only concern the toxic effects of the polluting substances studied and do not take into consideration the question of chronic exposure at low doses of noxious chemicals, frequently present in complex mixtures (Pellacani et al., 2006) .
During the last decades heavy metals have become common contaminants of aquatic and wetland environments throughout the world because of human activity and technological development (Cajaraville et al., 2000) . Heavy metals are considered the most hazardous contaminant in the environment due to their persistence and accumulation in water, sediments and in tissues of the living organisms; this is by bio-concentration and biomagnifications (Dembitsky, Rezanka, 2003) .
Aquatic macro-invertebrates are a diverse array of animals without backbones, they collected or retained by a sieve or a standard mesh collecting net (pore size 200-500 microns or 0.2-0.5 millimeters) (Saad El-Din et al., 2014) . They are widely regarded as one of the best biological indicators for assessing the effects of water pollution (Turak, Waddell, 2002) . Macro-benthoses are the most commonly organisms used as bio-indicators of water quality assessment (Barbour et al., 1999) .
The present work was carried out in order to survey and identify the aquatics macro-invertebrates of ElTaween station, Lake Timsah (Egypt) in relation to the physico-chemical conditions of the water and using the common species as bio-indicator organisms. Also, investigate the effect of some important heavy metals in the water samples and biota tissues that collected from the lake.
Materials and Methods

Sampling station
Samples collected during one month from one station (ElTaween station, 30°33′04.740"N, 32°17′56.783"E) through the lake which was polluted by domestic sewage from unconnected areas adjoining the shore. This station was chosen as the most polluted station of the lake with heavy metals according to Saad El-Din et al. (2014) as it subjected to highest concentrations of heavy metals.
Sampling methods
Field investigations were conducted from the surface of the water layer as well as the bottom layer weekly for around a month in the spring season from 9 April 2016 to 13 May 2016. Water samples were collected for physicochemical analysis and heavy metals determination. In addition, aquatic macro-invertebrates were collected for weekly abundance and distribution. 
Determination of heavy metals
The filtered water samples were analyzed by mixing 25 ml of water with 1 ml of concentrated HNO 3 according to the method of Chevreuil et al., (1996) and Saad El-Din (2006) . The concentrations of heavy metals (Cd, Cu, Fe, Mn, Ni, Pb and Zn) in water were measured by Atomic Absorbance Spectrometer (AAS), Analysis Unit of Agricultural Sectors, Faculty of Agriculture. Results were expressed as mg/l.
Biota samples
A quatic macro-invertebrates sampling
The sampling methods followed those recommended by Hilsenhoff (1982) ; Gislason (1985) ; Saad El-Din et al., al., (2014) . Aquatic macro-invertebrates were collected for weekly abundance and distribution. The collected samples were preserved in 70% alcohol with few drops of glycerin. The mean number was equal to the total number of collected samples from all quadrates divided by the number of quadrates and was calculated per quadrates as (ind./m 2 ). All biota were counted and sorted under a stereomicroscope. For the purpose of the ecological and distributional study detailed notes on all habitats in which collections were made. These notes were taken in the field and should contain at least the following information: locality name, date, type of habitat, condition of water, vegetation present, and collector.
Identification and classification of aquatic macro-invertebrates samples
Taxa were sorted and identified in the laboratory with the help of identification manuals of Dudgeon (1999); Merrit and Cummins (1996) ; Subramanian and Sivaramakrishnan (2007) and based on available keys (Zalat et al., 2000; Saad El-Din, 2006; Saad El-Din et al., 2014) . The photographs were made by using a digital camera and the main description of a species was based on adult specimens.
Determination of heavy metals
The crustacean S. serratum (Isopoda, Sphaeromatidae) is a mottled grey-brown isopod reaching 1 cm in length. Its body is broadly oval and has a smooth dorsal surface. It will roll into a ball when disturbed. Samples were found inter-tidally under stones and pebbles near the shore as well as on the shore. They collected by using small brush and washing the submerged stones randomly chosen by the reach of hand and rinsed with lake water. Sampling time was adjusted according to the life cycle of isopods (Saad El-Din et al., 2014) .
S. serratum was analyzed at the tissue level and used as bio-indicator for pollution by the heavy metals concentrations. The heavy metals concentrations (Cd, Cu, Fe, Mn, Pb and Zn) in digested isopods were measured by using Flam Atomic Absorption Spectrophotometer (FAAS), Analysis Unit of Agricultural Sectors, Faculty of Agriculture. The results for metal concentration were expressed as micrograms per gram from the dry weight.
Statistical analysis of data
All processing of data was conducted with the software packages Microsoft Excel (for data storage) for statistical evaluation and SPSS version 20.0 for statistical evaluation. One-way analyses of variance (ANOVA) was used to compare between times of collection and significant difference was established at P < 0.05 level. The concentrations of seven selected heavy metals (Cd, Cu, Fe, Mn, Ni, Pb and Zn) in water sample which collected from El-Taween station, Lake Timsah in April, 2016 were measured. The concentrations of heavy metals were in the following order: Fe > Mn > Pb > Cu > Zn > Cd with concentrations (1.750, 0.537, 0.218, 0.056, 0.054 and 0.041 ppm, respectively). The results showed completely absence of Ni.
Results
Water
All of the aquatic macro-invertebrates that were collected from El-Taween station, Lake Timsah, Egypt fell into three major groups that were fairly easy to identify. They were annelids (Polychaeta and Oligochaeta), mol-luscs (Bivalvia and Gastropoda) and arthropods (Crustacea). The survey revealed the existence of eleven species belonged to eleven genera, ten families and nine orders of five classes (four Non-Arthropods and one Arthropod) from three phyla (Annelida, Mollusca and Arthropoda). Nine species of aquatic non-arthropods belonged to fourclasses (Polychaeta, Oligochaeta, Bivalvia and Gastropoda) of eight families. Two species of aquatic arthropods belonged to one class (Crustacea) of two families from two orders (Table 1) . 
Phylum Annelida showed the lowest one with 51 individuals (9.55%) relative to the total number of individuals. Class Bivalvia was the most abundant class of Phylum Mollusca which represented by 271 individuals (50.75%) and Arca noae (Class Bivalvia) is the most abundant species with 233 individuals (43.63%) followed by Sphaeroma serratum (Class Arthropoda) with 119 individuals (22.28%) while Bellamya unicolor (Class Gastropoda) represented the lowest number of individuals (0.37%) relative to the total number of aquatic biota (Fig.  1) .
Weekly abundance of all biota that collected from El-Taween station, Lake Timsah represented in Table 2 . Also, one-way analysis of variance was done to determine taxa means in El-Taween station of Lake Timsah are significantly different between times of collections (three weeks). The analysis indicated that there was very highly significant difference between times (P < 0.05) for N. diversicolor, L. varigatus, C. glaucum, A. noae, C. scabridum, round snail, S. serratum and B. trigonus (Table 2). Security, 2017, Vol. 3, jws2017003 4
Discussion
The physico-chemical variables are important environmental factors of water in which all the biological communities live in association with each other (Sharma et al., 2008) . The physico-chemical factors influence the distribution as well as growth of aquatic diversity in lake system. The most important controlling factors of growth include temperature; pH, nutrients and dissolved oxygen have direct and indirect effect bearing upon physical and chemical as well as biological activities in aquatic ecosystem (Rana, Nirmal Kumar, 1992) . They have influenced on community structure and functions of aquatic organisms (Shiddamallayya, Pratima, 2008) . Information on the benthic macro-invertebrate fauna and physicochemical parameters are still lacking. This part of study is aimed at bridging that gap.
The physico-chemical parameters of surface water in El-Taween station, Lake Timsah showed that the Electrical conductivity (EC) value of the water is (1.504 dS/m). This result may be attributed to rich in heavy metals and organic matters. During the present study, pH value was recorded at alkaline side (8.09). This result explains the effects of the industrial discharges on water quality. However, according to WHO (1993) the desirable pH for fresh water is in the range of 6.5-9.2. Thus, water of Lake Timsah still in the desirable pH ranges of fresh water. This could be explained on the basis of organic matter decomposition and releasing acidic gases (Elewa, Abd El Samie, 2007) . The pH value was significantly correlated with the value of TDS (962.56 ppm). The increase in total dissolved salts (TDS) was resulted in relatively high values of electrical conductivity (EC) and this agreement with Entz (1973) . This increase in the electrical conductivity may indicate a recent increase in domestic or industrial pollution. Carbonate was not detected at all during the period of study, while bicarbonate value was (3.60 ppm). Based on the detected ion concentrations, mostly these waters are dominated by chloride and HCO 3 as major anions, whereas sodium followed by magnesium as major cations.
Many authors associated the heavy metal pollution in water with industrial and municipal discharges. Water sample showed highly concentrations of iron (Fe) and lowest concentrations of cadmium (Cd). On the other hand, nickel (Ni) was not detected during the period of study. This is in agreement with (Giusti et al., 1999; Hamed, Emara, 2006; Gabr, Gab-Alla, 2008; Hamza, 2008) who studied the heavy metal concentration in Lake Timsah and they found that Fe attained the maximum value in water. This result is not in agreement with ELShenawy et al., (2016) which showed that Al is the highest metal in water (0.29±0.02) and Sharaf, Shehata (2015) showed that the highest element is (Mg=3.73±0.20) in water and in S. Serratum species tissues
The biological monitoring revealed the existence of 11 species of aquatic macro-invertebrates belonging to 11 genera and 10 families of 5 classes (Polychaeta, Oligochaeta, Bivalvia, Gastropoda, Crustacea). The fauna was dominated by aquatic Bivalvia, which accounted for (50.75%) of the collected species, followed by aquatic Crustacea (24.34%). The major macro-invertebrate groups include crustaceans, worms, molluscs (Giller, Twomey, 1993) . Biodiversity provides important functions to the aquatic ecosystem due to the function done by different species in the community. Therefore, the decreased species number is considered as loss of biodiversity in polluted ecosystems that leads to habitat destruction.
Macro-benthic fauna is considered a good indicator for the biological and environmental status of the aquatic ecosystem (Khalil et al., 2012) . Eleven macro-benthic species were identified in the present study. They were represented in three phyla namely Annelida, Mollusca and Arthropoda. The highest average of population density was estimated in (Arca noae 43.63%), while the lowest in (Bellamya unicolor 0.37%). This result may be attributed to the nature of the bottom sediments and availability of food supply as it was considered the most significant factors determining the macro-benthos distribution (Iskaros, El-Dardir, 2010) , although, Nkwoji et al. (2010) found that low macro-benthos community abundance and diversity was greatly affected by stress imposed by land based pollutants.
Previous studies by Ikomi et al., 2005 have shown that aquatic macro-invertebrates are useful bio-indicators providing a more accurate understanding of the seasonal changes in aquatic conditions than chemical and microbiological data, which at least give short-term fluctuations. Anyhow the biodiversity of most aquatic systems decreases with increasing nutrient load as a result of increasing eutrophication (Ludsin et al., 2001; Prepas, Charette 2003) . Odiete (1999) stated that the most popular biological method in assessment of water bodies receiving domestic and industrial wastewaters is the use of benthic macro-invertebrates. Their composition, abundance and distribution can be influenced by water quality and the variations in their distribution as a result of the differences in the local environmental conditions (APHA, 1992) .
During the present study, seven molluscan species were recorded, namely; Arca noae, Physa acuta, Cerastoderma glaucum, Cerithum scabridum, Biomphlaria alexandrina, Round snail and Bellamya unicolor. The high density of molluscs was attributed to the amount of silt while the poorest values were in relation to the instability of the substrate (Iskaros, El-Dardir, 2010) . The dominance of Mollusca is attributed to the flourishing of planktonic organisms which are the main food item for these grazing organisms (Fisher, Hook, 2002) .
Arthropoda is the second dominant benthic group found in the studied area. It contributed about 24.34 % of total benthic invertebrates with an average of 130 ind/m 2 . It was represented by one class Crustacea and no insects. During the present study, two species were recorded, namely; Sphaeroma serratum and Balanus Amphitrite. The isopod S. serratum was reported to be very tolerant to desiccating conditions and can tolerate brackish water (Abdelhamid, El-Ayouty, 1991) . The presence of high densities of S. serratum in the most polluted stations dur-ing the present study was related also to the presence of high amount of food and nutrients and the lack of competitors and predators in these stations. Fe (0.347mg/l) concentration revealed the maximum value in whole soft tissues of the S. serratum.
Annelida considered was the least recorded group among the benthic invertebrates found in the studied area. It contributed 18.18 % of total benthic invertebrates with an average of 51 ind./m 2 . Iskaros, El-Dardir (2010) reported that the presence of annelids were due to their ability to adapt to various habitats and to their tolerance to low oxygen content or anoxic conditions. During the present study, annelids were represented by two species, namely, Nereis diversicolor and Lumbriculus varigatus.
Conclusion
The study was evaluated to examine elevated metal concentrations in the water columns in El-Taween Sation and also in the tissue of biota that collected from it in spring season. Iron was most important determinant; it appears in high concentrations in both water sample and the tissue of crustacean sample (S. serratum). The present studies have demonstrated the ability of Arthropods to concentrate many heavy metals. This study highlights the potential suitability of a biomarker approach for assessing spatial and temporal impacts of marine pollution, suggesting the inclusion of these biomarkers in risk assessment studies, as cost-effective and early warning recognized tools. Indeed, as several metals are considered to be toxic for biota, marine animals would evolve to counteract their toxicity. Toxic concentrations have been found to differ for individual species and under different water chemistry.
